This terminology avoids the term albedo, which is more or less understood to comprise the Reflectance for the total wav"'length range oi the solar radiation from the ultraviolet to the far infrared. The term "visual albedo", however, is equivalent to luminous reflectance.
Spectral Feflectance of Natural Objects After Krinov

Method of Observation
The data we will investigate thoroughly are those obtained by Krinov. 2 He has collected an extremely large amount of data, the largest available in the literature, and his publication is available in a good translation.
His objective was to determine the spectral reflectance of natural formations, mostly plants. In the case of horizontal surfaces (for instance soil) the spectrograph was placed on a tripod and directed vertically (pointed to the nadii) or at an angle of 45° and an azimuth of 90° from the sun. In taking the spectrograms of natural formations having vertical surfaces, such as trees, the spectrograph was placed horizontally and at an azimuth of about 135° or 225° from the sun. In this case the sun was always behind and somewhat to the side of the observer (spectrograph) to give the greatest illumination (irradiance, to be correct).
Measurements were obtained on clear days and only rarely up to a cloudiness of 0.3-In cases of broken low clouds, spectrograms were taken only when the sun was shining directly at the object. Furthermore, most of the data are obtained around noon. Unfortunately, only two aircraft measurements have been successfully carried out. The open airplane was flying at 900 ft. near Leningrad. Data for two natural objects were derived: a mature fir forest and a dry meadow with low sparse grass. They will be discussed in Section 3.4.
In taking the spectrograms the procedure was to take one of the natural object and one of a standard surface within a short time interval. The spectrogram from the standard surface is necessary to determine accurately the spectral reflectance of the natural object. The reflectance of the standard surfaces was compared with that of processed magnesium oxide powder; thus, his standardization procedure was correct. The Mgo surface is the best standard, but could not be used in field work. The procedure used by Krinov vss such that he must have obtained very reliable data. From his description I have the impression that the field work was carried out very carefully. We will see that our evaluation of his data leads to reliable information, when compared with results obtained by oilier research groups. This wealüi of data has been worked up into 370 groups of objects, most A which are types of trees and shrubs at various seasons of the year. This might be of importance for camouflage purposes, but it certainly is not for general visibility problems. Of interest to us is only his assembly of the data into four main classes cr eleven types. These eleven types characterize most of the terrain features. They are described in the next section in detail.
Results for Ground Measurements
The results of the spectral reflectance r y, of his eleven types are given in Table 1 Type lb: The curve has a more distinct maximum in the visible region of the spectrum r.nd is higher than the previous curve. Furthermore, it possesses the same noticeable upward slant in the netj infra-red region. Typical examples are coniferous forests in the summer period, dry meadows and grass in general, excluding lush grass.
Type lc: The curve has a clearly expressed maximum in the yellowgreen region of the spectrum and a very strong upswing in the infrared region. Typical examples are deciduous forests in the summer period and all lush grass.
Type Id: The curve has an upward slant in the entire green-orange-red portion of the spectrum, and a steep slope in the red-infrared spectrum. Typical examples of this type are forests in the autumn period and ripe field crops.
Results for Airplane Measurement»
Of importance to our basic problem are those spectrograms taken from low flying airplanes. There exist only few data in the open literature, namely those obtained by Krinov and those by Schimpf and Aschenbrenner.* 7 The later ones used a Titanium dioxide surface for comparison. The results are listed in Table 2 * The oiigiaal MtMta is not available, and the data have been taken from a publication by Nagel.* 
Comparison of Data
In order to compare (he data, a list has been set up (Table 3) 
Colors of Natural Objects
Method of Computing Colors
Natural objects can easily be distinguished by colors, but their colors change when viewed from increasing distances. We shall investigate here only the color of selected natural objects for an ofc«^rver close to the objei*, i.e. we neglect the influence of airlight on colors, because this demands a separate careful study and seme results are already available ' Color is certainly an intriguing subject and not easy to assess in pure physical terms, because the parameters we will compute define only the stimulus in terms of the eye, but ;iot the mental perception this stimulus will produce. It must be remembered that luminance is one of the most important variables of color. This is easily understood, if we think of the photographic analogue "black and white," i.e. a photographic picture is essentially based only on luminance contrast of objects and perfectly understood by our minds without any real "color." Even in color photography luminance contrast is the most important variable. The same analogue applies to visibility problems. Some natural objects are exposed to bright sunshine, others or at least parts of other objects are situated in the shadow; some shine very brightly, while others don't.
We follow the standard procedure 1 in computing the various color parameters. The color of an object, reflecting light which falls upon it, depends on the spectral reflectance r -^of this object, on the irradiance This luminance factor Y is identical with the luminous reflectance R, as given in Table 3 .
Thus, the chromaticity coordinates can express the luminance factor (Y) (orR) as well as the chromaticity of an object. Further helpful parameters are the dominant wavelength X ., and the excitation purity p. Dominant wavelength indicates what part of the spectrum has to be mixed with the neutral standard and purity indicates the degree of apptoach of the color of the object to the pure spectrum color. All these parameters will be computed.
The selection of the best standard source has to be decided. Source 13 represents noon condttions on a clear day, whereas Source C represent-!, average daylight, such as under an overcast sky. Source C is generally used in this country for the computation of color coordinates from photometric data.
Source L> was preferred for various reasons. First of all, Krinov measured only on clear days around noon and
we shall use his original data; secondly, we shall appiv our results later on to problems in atmospheric visibility (slant visibility) and shall consider clear sky conditions too; thirdly, convenient tables are available.
The last remaining problem is to decide the chromaticity, which is being considered as "white". This is not necessarily or even usually the equal energy point, but rather the color of the general illumination prevailing. Thus, we consider as pure white the point of our standard Source B on the chromaticity diagram. A chromaticity diagram is shown in Fig. 3 .
Colors for Krinov's Types of Natural Objects
The results of the computations are listed in Table 4 For CIE standard source B.
Water seen at a large angle from the vertical appears blue, the dominant wavelength is 4810A and the purity 31%. These values agree with the color of the blue sky (for global irradiance) and they compare well with Moeller's data for the color of a wall exposed to global irradiance from the sun and sky.
Snow appears as a pure white surface, because a purity of 2 or 3% may be just a computational result and for practical considerations we can assume a value of p = 0%, i.e. pure white. This result is, of course, what we expect, but it serves as a check on the reliability of the basic measurements carried out by Krinov.
For all other objects the dominant wavelength varies between 5700 and 5900A, i.e. it is restricted to a relatively narrow band in the spectrum and can be described as ranging from greenish yellow to yellowish orange. Such a result is expected for bare areas and soils; their purity is low, namely 15-30%. But this dominant wavelength is rather surprising for all vegetative formations, where a more greenish color is expected. For those the purity is relatively high, 25-50%. Unfortunately, we have no other experimental data to check those results. Moeller obtained for a green leaf, using basic measurements by Sauberer, A . . Table 4 may be understood as those of the total appearance of a forest or a meadow and not as valid for apart of it, like a green leaf. Krinov measured from a distance and a forest consists of green leaves, brown or nearly black branches, tree trunks and also some soil. Therefore, Krinov's colors are caused by a mixture of all those components and should be understood as such. The purity reaches its iowest value for a coniferous forest in winter and the values increase the more dominant one object becomes in the total appearance of the formation, Tor example, for a meadow of lush grass.
5100A, Y -4% and p = 23%. Thus Moeller obtained a real green color. But the results listed in
The influence of our selection of the standard source has been investigated too. For #9, coniferous forests in summer and meadows, the chroma!irity coordinates have been calculated for the CIE standard source C, and rhe results are: x = 0.362, y = 0.385, Y = 8% X d = 5740A, and p = 38%. Table 4 shows that, although the chromaticity coordinates are different (this is caused by the different standard source), rhe dominant wavelength and the purity are practically equal for both sources. Thus it is concluded that the influence of our selection of the CIE standard source on X , and p is of minor importance, and X ■ andp are for a first approximation valid for clear as well as overcast sky.
Colors for Natural Objects as Seen From Low Flying Airplanes
For our problem of slant visibility from aircraft, we have to use color parameters measured from low flying airplanes, to exclude the influence of airlight. Since only a few data are available, namely from Krinov 2 and Schimpf-Aschenbrenner, 7 we investigate both of them to see how reliable the bulk of Krinov's measure me nts are (namely those carried out close to the ground).
The basic data (i.e. r ^ ) for meadows and forests are available in Table 2 , from which we computed the color parameters. The results are listed in Table 5 
